amino acid sequence revealed a putative protein of 481 amino acid residues with an Mr of 53,815. Hence, it was necessary to determine whether the failure to see a band of activity at an Mr of -54,000 in enzymographic studies was due to low concentrations of the enzyme in our previous preparations or whether it was due to protein processing that converted a preamidase (Mr of -54,000) into a mature amidase (Mr of -23,000). The transcript mapping and in vivo and in vitro analyses of the lytA gene product reported here were undertaken to resolve this discrepancy.
The bacterial strains and plasmids and their relevant characteristics are listed in Table 1 . Luria-Bertani (14) medium was used for the maintenance and growth of E. coli strains. PYK medium (6) was used for the growth of S. aureus NCTC 8325. K medium (20) was used for culturing irradiated E. coli IT2761. Ampicillin (50 ,ug/ml), tetracycline (25 ,g/ml), and chloramphenicol (25 ,g/ml) were Total cellular RNA was isolated from desired clones by using the hot phenol method (5, 8) . The isolated RNA was blotted onto a nylon membrane, hybridized to the radiolabeled DNA probe, and washed under standard conditions (14) .
The in vitro transcription-translation experiments were carried out by using the Amersham prokaryotic DNAdirected translation systemn as instructed by the manufacturer. The in vivo maxicell experiments were carried out by using a standard method (15) . The protein samples from in vivo and in vitro experiments were analyzed by sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) (15% polyacrylamide gel) (7), followed by staining with Coomassie brilliant blue or autoradiography of the gel. The lytic activity of the clones was checked by exposing the colonies to chloroform and overlaying them with soft agar containing 0.2% heat-killed, lyophilized cells of Micrococcus luteus as described previously (6 Table 1 shows the insert sizes and lytic activities of various clones. Our sequencing data suggest that the coding region initiates with ATG at nucleotide 290 from the NheI site and extends to nucleotide 1732 ( Fig. 1) . A deletion of -300 bp from the XbaI site toward the AccI site (pXW59) resulted in the loss of lytic activity. Deletion of the NhteI fragment (pXW95) up to nucleotide 278 from the 5' direction (pXW127) had no effect on lytA gene expression. However, further deletion (pXW126, deleted up to nucleotide 302) resulted in the loss of lytic activity. Whether the loss of activity in pXW126 is due to the absence of the Shine-Dalgarno sequence and the start codon or whether it is due to the absence of four amino of Mr 22,000 to 23,000 with lytic activity was observed in enzymographic studies. Therefore, we hypothesized that protein processing is responsible for converting the preamidase of Mr -54,000 into a mature amidase of Mr -23,000.
Before testing this hypothesis, we set up an experiment to determine the size of the transcript. Total RNA from an E. coli strain harboring pXW57 was isolated and analyzed as described above. Northern hybridization was performed with a 1.6-kbp HindIII-XbaI probe (lyiA-specific clone). A band of -1.6 kbp hybridized with the lytA probe (Fig. 2) (Fig. 3, lanes 2,  4, 6, and 8 ). This polypeptide was absent from vectors pBR322, pTZ18R, pUC13, and pACYC184 (lanes 1, 3, 5, and 7). It seems likely that the lytA gene product migrates anomalously on SDS-polyacrylamide gels, displaying an apparent Mr of -50,000 rather than the Mr of -53,000 calculated from the nucleotide sequence (19) . This difference in mobility may be due to the hydrophilic nature of the polypeptide (19) .
In vivo maxicell analysis. To further confirm the hypothesis that the in vitro transcription-translation product is the lytA gene product, maxicell analyses were performed. Various plasmids (pXW56, pXW57, pXW58, pXW96, and pXW106) were introduced into maxicells of E. coli IT2761 by transformation. Transformed cells were irradiated with UV light, and plasmid-coded proteins were labeled selectively with 35S-labeled methionine and cysteine (15) .
The total protein was isolated and analyzed by SDS-PAGE. All lytic clones (pXW56, pXW57, pXW58, and pXW96; Fig. 4 ) synthesized a polypeptide with an apparent Mr of 50,000. This polypeptide band was not detectable in clones pXW59 and pXW106 (Fig. 4) lacking the lytic gene.
Also, maxicells containing the vector alone did not show the polypeptide of Mr -50,000, suggesting that this polypeptide is a product of the lytA gene. From these results, it seems that the polypeptide band with an Mr of -23,000 observed in the earlier study (6) The nucleotide sequences of a number of Streptococcus pneumoniae bacterial and bacteriophage peptidoglycan hydrolases have been determined (2) . Significant homologies in the C-terminal regions of genes specifying peptidoglycan hydrolases with different bond specificities have been observed. On the basis of this observation, a modular organization for these genes, with the cell wall-binding domain residing in the C-terminal region and the active site in the N-terminal region, has been proposed. We have noted previously the homology between the C-terminal regions of the lytA gene and lysostaphin, which have different peptidoglycan bond specificities (3, 11, 19) . By analogy with the S. pneumoniae peptidoglycan hydrolases, the cell wallbinding region of the LytA protein also may reside in the C-terminal region.
